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ABSTRACT 


In the present work, lot sizing algorithns with capacity 
consideration are studied. The first part of the work considers 
the formulation of multi-item, multi-facility capacity cons- 
trained lot sizing problem. The objective is to miTiimize the 
total cost comprised of holding costs and tv/o t^^es of setup 
costs - major and minor. Tv/o heuristic methods are developed 
for solving the problem. The first heuristic assumes that 
items can be shifted to some other period as a lot only. The 
second heuristic considers the possibility/ of splitting the 
lot and shifting the items. The accuracy and efficiency of 
the heuristics are studied by comparing the solution with 
that of a reference problem v/ith no capacity considerations. 
The reference problem is solved using the first heuristic 
allowing only lot shifts. The heuristics have been tested for 
different parameters. 

In the second part, the problem of multi-item, multi- 
facility lot sizing problem is modified to include the unit 
production cost and under utilization and overtime cost of 
different facilities. Axi exact solution method based on 
Ilanne's [?] formulation has been used to test the efficiency/ 
and accuracy/ of the heuristic developed, A number of problems 
v/ith varying parameters have been solved and analysis carried 



CHAPTER I 


INTRODUCTION 


1,1 Ma teria l Requirement s_ P lann ings 

Material Requirements Planning (MRP) is a oompxiter tased 
production planning and inventory control system, ka MRP 
system is defined as a set of logically related procedures, 
decision rules and records designed to translate a master 
production schedule into time-phased net requirements and the 
planned coverage of such requirements for each component inven- 
tory item needed to implement this schedule. Master Production 
Schedule (MPS) outlines the production plan for all end items. 

MRP is also known as time-phased requirements planning. The 
key features of an MRP system are the time phasing of requirements 
generation of lower-level requirements, planned order releases 
and rescheduling capability. Time phasing of requirements sinply 
establishes the time period in which work must be accomplished to 
meet the delivery date of the end item as stipiiLated in the MPS. 
Planned order releases indicate when orders should be placed 
for purchasing or manufacturing. Mien work cannot be acconplished 
on time, MRP can reschedule planned orders. 

There is a basic difference in the application of tradi- 
tional inventory control techniques and MRP. MRP systems are 
appropriate for dependent demand items. Demand for an item may 
be independent or dependent. Independent means no relationship 
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exists between the demand for an item and any other item, such 
as end products. Independent demand tends to be continuous 
and fluctuates because of random influences. In contrast, 
dependent means the demand for an item is directly related to 
or results from the demand for a higher level item. Dependent 
demand is not random but tends to occur in a lumpy manner at 
specific points in time. The lumpiness occurs because most 
manufacturing is in lots and all the items needed to produce 
the lots are usually withdrawn from inventory at the same time, 
not unit by unit. Thus although the demand for the final pro- 
duct may be continuous and independent, the demand for lower- 
level items composing the product tends to be discrete, derived 
and dependent. 

Dependent demand items need not be forcasted, but can be 
calculated by the MRP system from MSP. In manufacturing organi- 
zations, most inventory items are dependent and should be con- 
trolled by an MRP system. 

The effectiveness of MRP lies in the attainment of the 
following objectives concurrently. 

1. Ensure the availability of materials, components and 
products for planned production and for customer delivery. 

2. Maintain the lowest possible level of inventory. 

3. Plan manufacturing activities, delivery schedules and 


purchase schedules 



3 


1.2 


and Limit ationss 


Since MRP systems demands handling of large volumes of 
data at high speed, its growth has parallelled developments in 
Computer Technology, Its origin, around I960, was in line with 
the movement toward acceptance of quantitative management tools 
that used the data digestive power of computers. 


Early spokesmen for MRP included G.W, Plossl, J.A.Orlicky 
and O.V/. Wight. The first book on the suboect written by 
J.A. Orlicky came out only in 1970. The IdlP concepts were nur- 
tured effectively^ by the American Production and Inventory Control 
Society (APICS) in the mid I960 by what is called as MRP crusade. 
Their special report on Management of Lot Size Inventories is a 
milestone for the development of IIRP Lot Sizing Techniques. 

Several organizations now offer software packages and consulting 
services for MRP implementation. 

Riggs [ij while quoting Orlicky, suggests that successful 
MRP users enjoy a reduction in manufacturing inventory invest- 
ment levels of 20^ to 35!^ . Other claimed benefits are reduc- 
tion in production and purchasing cost and improved delivery 
service. However, MRP implementations have not all been success- 
ful [2], and atleast one source indicates the proportion of 
successful MRP system is as low as 5 percent [3]. While carrying 
out a switchover from traditional inventory control system to 
an MRP system, human relations and technical difficulties have 
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to be fraught with. Lot of research work has been done to 
overcome these implementation difficulties. 

Plossl and Wight [4] state that’ ... there is tremendous 
application potential for I4RP, There have been a number of 
highly successful companies and a great number of companies 
that have not really been able to use the tool effectively. 
Further they point out that 'it is easy to see hov/ companies 
can manage poorly without MRP, but it is hard to see how they 
can manage well without it.' 

1,3 F ocus and Organisation of the Th e £i^» 

The quantitative aspect of MRP is mainly concerned with 
the problem of lot-sizing. Lot of work has already been done 
and reported in the literature on this subject. However, only 
limited attempts have been made to solve the problem of lot- 
sizing with capacity constraints. Most of these attempts are 
restricted to single facility environment, Karni [5,6] has 
considered the problem of single facility capacity constrained 
problem and has developed a heuristic for solving it, A survey 
of the literature indicates that, no meaningful solution metho- 
dology has been developed for lot-sizing problems with multi- 
facility capacity restrictions. In the present work we present 
two heuristics for such a problem. 

In Chapter II, we present a formal statement of the 
problem of multi-item, multifacility requirements planning 
system and a mathematical formulation of the same. 
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In Chapter III, the heiiristics developed for solving the 
problem stated in Chapter II are presented. Further the heuris- 
tics are compared for its performance and the results presented. 

Finally in Chapter IV we have formulated a problem con- 
sidering the overtime cost, under utilization cost and the 
production cost in addition to the setup cost and holding cost . 
Heuristic - I is modified and applied for solving this problem 
and it is tested by comparing with the exact solution method 
proposed by Manne [?]. 



CHAPTER II 


PROBLEM FORMULATION 

2*1 Capacity Cons_id_eraM PiL in . s 

Capacity refers to the production capacity of a work 
centre, department or facility. It is important to consider 
the capacity because of the following reasons, 

1. Sufficient capacity is needed to provide the output 
for current and future customer demand, 

2. Directly influences the cost of operations, 

3. Represents a sizeable investment by the organisation. 

A typical MRP system [S] is presented in Fig. 2,1. Before 
any detailed analysis of a given MPS takes place, a rough-cut 
capacity requirements plan is generated to determine whether 
the MPS is reasonable from a capacity point of view. Only aggre- 
gate measures of capacity requirements are used so that a variety 
of MPS can be quickly evaluated. 

Once MPS that gives a satisfactory rough-cut capacity 
requirements plan is found, the bills of materials (BOM) is 
used to get the time phased requirement of all lower level items. 
Then the capacity required to satisfy this requirements schedule 
is calculated on the basis of standard hours of production for 
each work centre and time period. The idea is to check whether 
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Fig. 2,1^ An IPvP System. 
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capacity is availablo in excess or is in shortage and then to 
decide the appropriate action to be taken. If capacity 
available is less than required capacity either the available 
capacity is augmented by incorporating overtime work, subcon- 
tracting, etc. or reduce capacity requirements by modifying 
the MPS, On the other hand if capacity available is greater than 
the required capacity then decisions in terms of product diver- 
sification or expansion are taken to utilize the excess capacity. 

In the present context, we consider the case where faci- 
lities are restricted in terms of their capacities. In other 
words capacities of the different facilities are treated as 
uncontrollable or exogenous to the model. This type of capacity 
consideration is representative of the situation where expen- 
sive facilities are present and control of the capacity is not 
usuall 3 '' exercised and their capacity restrict the output. Further, 
it is assumed that capacity augmentation through overtime is not 
admissible. 

2,2 Coo r dinate d. Jtep) 1 pni s hme nt ^ 

One of the basic assumption in most of the lot-sizing 
procedures is that„ the different items under consideration 
are considered completel 3 ;' independent while calculating the 
lot-sizes, o Ivor [9] explained coordinated replenishment as 
a replenishment of a group or family of related items where in 
one or more members of the group are replenished at a time. 
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There are many ways by which this inter-relationship between 
members arise, for example, a common storage area, a common 
supplier, common facility for transportation/production etc. 

There are many advantages and disadvantages in coordinated 
replenishment. The main advantages ares 

1, Savings on ordering costs when the fixed cost of ordering/ 
production is shared by items in a group, 

2. Savings on purchased/production items due to group 
discounts- 

3. Savings on transportation costs, 

4, Facilitates easier scheduling/procurement. For example 
co-ordinated handling of procurement is beneficial from 
the stand point of reduced v/ork load etc. 

The possible disadvantages of using co-ordinated replenishment 
procedure are, 

1, Wien items are co-ordinated some will be ordered earlier 
than if they are considered independently. 

2, An increase in system control costs like control review 
cost, computational cost etc. 

3, Because we are not being able to work with items indepen- 
dently the flexibility of dealing with items in unusual 
situations will be reduced once the procedures for 
co-ordinated replenishment are established. 
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2,3 1.6 jCffliP -ology » 

The objective is to minimize the cost of the require- 
ments schedule considering setup costs and holding costs. Setup 
costs comprise of major setup cost and minor setup cost. The 
problem of coordinated replenishment considered here involves 
a major setup cost (A) -which will be incurred each time some 
items in a group are included in the replenishment schedule. In 
the production context we can say that this is the changeover 
cost associated with converting the facilities from the produc- 
tion of one group of products to another group. In the procure- 
ment context this is the cost of placing an order for a group of 
items which is not affected by the n-umber of items in the group. 

Next IS the minor setup cost which is incurred when 

item k is included in the replenishment. From the production 
point of view this minor setup cost is the cost of switching 
over production to item k from some other item in the group. 

From the procurement point of view this is the cost of adding 
item k in the requisition order. 

Finally the holding cost is the cost of holding 

one unit of item k in time period t. 

¥e assume that the capacity available (P^), which is the 
number of production hours on facility f available in time 
period t,is finite. ¥e further assume that if the capacity 
required exceeds the available capacity, then we may shift the 
production of quantity to some other time periods. 
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The objective of our problem is to find the quantity 
of each item in the group to be replenished in each time period, 
so that the sum of setup costs and holding costs are minimized, 
while satisfying the capacity constraints. 

2,4 Assumpt ions and N ot at J^o n sj 

The following assumptions are made for the development 
of the model, 

1, The demands of all the items in all the time periods in 
the [planning horizon are known with certainty. 

2, Back-logging is not allowed. 

3, Lead time for product ion/procureraent is negligible, 
however, if the items have a fixed lead time it can be taken care 
of by the model, 

4, Inventories at the beginning and end of the planning 
horizon are zero, however, even if they are not zero, they can 
easily be taken care of by initializing these veJ-ues. Beginning 
inventories can be reduced in the first period requirements and 
last period inventory can be added to the last period require- 
ments . 

The following notations are used. 

T - Number of time periods in the planning horizon. 

K - Number of items in the group. 

F - Number of facilities that are used by these items under 


consideration 



12 


A - Ma^or set-up cost, Rs/setup. 

set-up cost for item k, Rs/ setup of item k, 
^tk “ Demand of item k in time period t, for k = 1,,.., K 

t = 1, . . . , T 



Order size of item k in time period t, 


for k = 1 j, . . . , 


t = 1, 


• » « 9 


K 

T 


- Ending Inventory of item k in time period t, for 


k 1 A « • • M R 


t = 1 , , . . , T 


- Cost of holding one unit of item k in inventory in time 
period t ,Rs/ item/period. 

-- Production capacit3=" available in facility f in time 
period t, hours jf or f = 1 ,..., Fj t = 1 ,..., T 
t^^ - Time, item k spends in facility f for one unit 
production, hours. 


2 . 5 P£p]llJ 5 LiLPFI?.tl at i pnj 

The objective function is minimizing the costs of setup 
and the costs of carrying inventor^i^. 

Objective function, 

T K ^ K K 

Minimize Z [A5 ( Z X., ) + Z S, . 5 + 2 H,, (Y. , )] 

t=l k=l k=:=l ^ k---l 

where, 6 ('■^^) = 0 foru> = 0 

6 ( ) = 1 f or C 3 > 0 


Various constraints are as given below. 
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1 . 


2 . 


3 . 


4 . 


5 . 


Capacity constraints 
K 

^tlc'^k ^ft’ f = 1,..., Fj t = 1,..,, T 

The material balance constraint, 


The ending inventory 
of previous time 
period 




Order size in the / 
present time period j 


Ending Inventory in the 
present time period 


j Demand in the 
1 present time perioc 


1 » 0 « 


^(t-l)k \k ■" \k 


D^^^ for t = 1, . . . , T 
k * !,«•«, IC 


Non-negative production quantity constraint, 

^tk -- ^ t = 1, . . . , T| k = 1, . . . , K 

Constraint to take care of back-logging, 

Yfk >, 0 for k = 1,..., K; t = 1,..., T 

Constraint to ensure zero inventory at the beginning and 
end of the planning horizon, 


'^ok = 0 

’^tk = 0 


for k = 1, . . , , K 


2« 6 Complex ity pjf th^ PrpTolem' 


An integer progranming formulation of the problem is 


given below. 
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where. 


Min, TC = 


T 

2 

t=l 


[A 


✓S 

■^r 


K 

k=l 


"tk 


K 

+ 2 
k=l 


'itk 


subject to, 


^(t-l)k 


+ X. , - Y. , 
tk tk 


D. , , 
tk* 

k = 1 

"^tk ^tk 

M < 

0, 

H 

11 

K 

A 




2 X. , - X^ M < 0 

k=l ^ 


K 

K 


^2^ "^fk ^tk - ^ft» ^ ^ 

^^k ^ * k = l,»*«, K 

^tk “ ^ , k = 1,..., K 
for t = 1, , . , , T 


M - 


V 

"tk 


A 

X. 


A very large integer 

Ending inventory of item k at time period t 


"tk 


'fk 



fO if 2 X, , = 0 
k=l 

otherwise 


= 0 


tk 

otherwise 


> 0 


for t = 1, . . . , T 


for t = 1, , T 

k = b 5 


From the IP formulation we can see that there are 


(K-i-l)T, (O-l) integer variables and (K+F+l)T, slack variables 
If we see the number of constraints there are KT, eq.uality 
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constrain^ss and (K+F+l)T, inequality constraints. 

It IS a well known fact that an IP problem grows com- 
plex as the number of constraints and variables increase. For 
our problem as K, T and F increase the number of constraints 
and variables increase rapidly. For a moderate size problem 
having K = 6, T = 12 and F == 6, there will be Qk, (O-l) integer 
variables, 156 slack variables, 72 equality constraints and 
156 inequality constraints. These problems are computationally 
complex in terms of CPU time, keeping this in view we have deve- 
loped heuristics for solving this problem. The heuristic proce- 
dures are outlined in the next chapter. 



CHAPTER III 


SOLUTION IffiTHODOLOGY 

3 • 1 ^ ^ist xc_ P y'o cedur e s ° 

A heuristic method as described by Gyorga Polya [lO] 
is a method not regarded as final and strict, but as provisional 
and plausible only, whose purpose is to discover the solution 
of the present problem. Heuristic method does not claim that 
the solution is optimal. Heuristic methods are adopted mainly 
when the analytical methods are very complex in terms of 
modelling and solution. Heuristjc method being simple quite 
often result in relatively lesser storage and CPU time require- 
ments. In several situations, the solution from heuristic 
methods serve as initial solution to the analytical solution, 
thus reducing the complexit3r of the analytical solutions . 

Considering the complexity of the problem, we have 
developed two heuristics for the present problem. In the first 
heuristic we assume that the requirement of an item in a parti- 
cular time period can be shifted onl3r as a whole lot. In the 
second heuristic we have assumed that we can split a lot and 
shift some quantity to the previous time period, i^litting the 
lot increases the possibility of getting a feasible solution. 



17 


3*2 Man or Steps in^ _ He_u rl st_ic s_; 

The first step is to get a feasible solution. Since no 
back-logging is allowed items are scanned from the last time 
period back to time period two and minimum possible quantity- 
required to eliminate infeasibility if any, is shifted to the 
previous time period. It may be noted that infeasibility here 
relates only to the capacity constraints. This shifts may 
result in an increase or reduction in total cost. Thus after 
the first pass, we may expect to get a feasible solution con- 
sidering capacity limitations. If no feasible solution is 
found, the problem is a priori infeasible, a situation for 
which the production schedule perhaps has to be modified includ- 
ing the possibilities such as back logging , overtime , etc. 

We assume that a feasible solution is obtained, then the 
next step is to improve the feasible solution by shifting item 
requirements to some previous period so as to achieve cost reduc- 
tion. 


5*3 l.pTfc . 3 - al__Fe as ibiliry _ Ctepk; 

Apart from the notations that have been defined in the 
previoiis chapter, the following notations are used, 


- excess capacity available or needed in facility f in 


time period t . 

K 

^ft ^ft " ""tk "’^fk 


for 



F 

T 
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positive means capacity is available while negative 
means capacity is needed, 

TS^ - Additional capacity needed in facilit}^- f in time period t 

b If >_ 0 

_ABS(C^) if < 0 

Now that we have the requirements schedule with us. 

We can check if a solution can be obtained, b^?- calculating the 
total capacity of each facility available over the planning 
horizon and the requirement of each facility'’ over the planning 
horizon, for feasibility. 

T 

This leads to check if S > 0 for f = 1,..., F. 

t=l 

If the above conditions are satisfied, we can infer that a 
feasible solution may exist, otherwise the problem is infeasible. 

3 - ^ Heurisi^ c 1 } 

In this method shifts are made only as a whole lot of an 
item for getting a feasible solution. If a feasible solution 
is not obtained, we state the problem cannot be solved by this 
method . 

3.4,1 Formulat ion; 

First for getting a feasible solution shifts of items 
with maximum cost reduction and maxiiium capacity utilization 
are preferred. This is to ensiire that by shifting minimum amount 
and saving maximum amount we are trying to get a feasible solu- 
tion. 
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Relative capacity utilization of the shortage capacity 
by the items in a time period is given by, 

F E 


B. 


k 


2 ) 


f=l 


tk*^fk^ 


■’ft 


for k = 1, . . . , K 


E E 
f=l 


ft 


Gain of each item in a time period, if it is shifted to 
the previous time period, is given by, GAIN^^ 

GAIN^ =: S^. k = 1,.,., K 


where 


° ^(t-l)k ^tk " ° 


if X/'j. and Xj.T. > 0 


‘■(t~l)k 


tk 


Now, representative factor, 


BIKk = B^.GAINj^ for k = 1,..., K 


BIK is a representation of the capacity utilization of 
the excess facility capacities and gam in shifting the item. 

If the capacity in the time period under consideration is 
exceeded, we will shift one by one the item with maximum BIK 
value till the capacity available is enough for the production 
of the items left in the time period under consideration. This 
procedure is repeated for time period T to 2. 


The above procedure may or may not give a feasible solu- 
tion, If it does not give a feasible solution, we cannot solve 
the problem using this heuristic. If it gives a feasible solu- 
tion we will apply two types of shifts to improve it , Shifts 
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are made only if they satisfy the capacity limitations and if 
there is some positive gain. 

In the first type of shift, requirements of all items 
in a time period are shifted to some previous time period where 
some production is done. Assume that the requirements in time 
period j are shifted to time period i . 

Setup cost saving is given hy, 


K 


SETCOST = 

U 

(A 

-f S S 
k=l ^ 

y 


where 

f-o. 

^Ok 

X 

or 

X 

both = 0 



^Ok 

and > 

0 


The cost calculated above can be easily explained as 
shown, since the requirements in both i and j are positive, 
one major setup cost A is saved, by shifting the production 
from period j to period i. D and D are the demands for 
item k in time period n and i. If both D., and D , are 
positive, we will save a minor setup cost otherwise there 
would not be any saving in minor setup cost. 

Also due to the shift the items of time period j will 
be held in inventory from time period i to (3-I), Hence the 
inventory carrq^ing cost will also be incurred. 

K 0-1 

CARRYCOST = S I H. , (X , ) 

J k=l t=i ak 
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Now total gain will b-ij 

TGAIN = SETCOST » CARRYCOST^. 

D 0 

If TGAIN >0, it IS profitable to shift the entire 
requirement of time period 3 to time period i. 

In the second type of shift, requirement of individual 
items in a time period are shifted to previous time periods, 
if there is a gain. If item k in ti-me period 3 is shifted 
to time period 1, 

SGAINj^ = - lY- ”tk = for k = 1 K 

T/ ^jL 

If SGAIN^ > 0, then it is profitable to shift the indi- 
vidual item to a previous time period where some production 
occurs. 


Now we can see the step by step procedure in the heuristic, 
3,4,2 Stj^A Heuristic » 

1, Start with the time phased requirements schedule obtained 

by lot-for-lot procedu-^G (i.e») each periods requirements is 
received in that time period. 


2, Check feasibility by calculating matrix. If feasible 
proceed to the next step, otherwise the problem is infeasible. 


3. Starting from last period to the time period t = 2 

calculate BIK for each item in the time period and shift items 
with maximum BIK to time period t-1 for getting feasible 
solution. 
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k. Check if capacity requirement is met in the first time 
period. 


K 

E t 
k=l 




“ Pfl» for f = 1,..., F 

If the above condition is satisfied go to the next step, 
otherwise we cannot get a solution using this method. 


5» Start from time period t = 2. 

6. Calculate, TGAIN = SETCOST^ - CARRYCOST^, 

If TGAIN > 0 go to the next step, otherwise go to (S), 

7. Check capacity required to accommodate requirements of 
time period t in some previous time period where production 
is done. 


If capacity is met add items of time period t to the 
previous time period v/here production in done, make = 0 for 
k = 1,..,, K, otherwise go to (8). 

8. Calculate SGAIN^^ for k = 1,..., K. Check the capacity and 
shift items in the order of maximum positive gain first till 
items with positive gain are no more possible to shift. 

9. Repeat steps (6) to (8) till t = T. 

5 Heuristic •- IIs 

In this heuristic items are split-up and shifted for 
getting a feasible solution. Then for improving the feasible 
solution items are shifted as a whole to the left to gain setup 
cost and ending inventories are shifted to the right to gain 
carrying cost. 
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3.5«1 F o rmul ation s 

Initially, minimum quantity of each item is shifted to 

get a feasible solution. For a particular time period the 

amount to be shifted from different items is calculated by 

solving the simplex form\fLation given below, 

K 

Minimize I 

k=l ^ 


subject to, 

K 


2 t 
k=l 

fk* 

^kt 



< 



^kt 

> 

0 


where, Xj^ - quantity of item k 
to the previous time period. 


>, for f = 1,..., F (l) 

k = 1, K (2) 

(3) 

in time period t to be shifted 


The objective function is minimizing the s'um of the 
different items to be shifted. Constraint set (l) ensures that 
the facility utilized by the shifted quantity will be more than 
or equal to the shortage of facility capacity in that time period. 
Constraint set (2) puts an upper bound for the amount that can be 
shifted. Finally amount shifted should be non-negative . 


For improving the feasible solution, two types of shifts 
are devised (l) shifting the ending inventory to future time 
period there by reducing holding cost. (2) Shifting item lot 
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as a whole leftv;ard there by gaining setup cost. 

The idea is first shift all the ending inventories 
possible from period i to 3 and shift back items as a lot from 
period 0 to 1 till capacity constraint in both period i and 3 
are satisfied. 

Ending inventory in period 1 that can be 'shifted to 
future period is given by, 

hk = X ""tk ■ t!l k = 1 K. 

"^ik shifted only if there is some positive production 

in the next time period. Gain due to the shift of ending 
inventory is given by, SGAIN^^ 
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Then items from the later time period is shifted back to the 
time period under consideration in order of maximum gain till 
the capacitj^ constraints are satisfied in both the time periods. 

3*5.2 St^f) s^. 1 . the, Hei^i ^.i£* 


1* Start with the time phased requirements schedule obtained 

by lot-for-lot. 

2, Calculate matrix and check initial feasibility. If 
feasible go to the next step, otherwise the problem is infeasible. 
3* Starting from the last time period to t = 2, calculate 


^kt k = 1,..., K, using the simplex method proposed and 

add this quantities to the previous time period. 

K 

4, Check if Z “ ^fl f = 1,..., F, is satisfied. 

If satisfied go to the next step, otherwise the problem is 


infeasible. 


5. Starting from time period t = 1, try to perform shifts 
in time period t and t+1. 

6. Calculate GAIN due to the shafts. If GAIN is positive 


shift all the items considered and try if items with positive 
gain can be further shifted, otherwise repeat step (5) and (6) 


for the next time period till t = T, 

7. Calculate total cost of the schedule. Repeat steps (5) 
to (7) till the difference between two consecutive costs are 


zero 
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3.6 Comput ati_o nal_ .^cp erimentj 

Our computational study is mainly done to find the better 
of the two heuristics. Hence we have limited the e3q)erimenta- 
tion and a detailed study will be done v/ith the model chosen, 
for applying in overtime consideration lot sizing. 

The input data used for the study are presented in 
Table 1. We have tested the model for variations in maoor 
setup cost, minor setup cost and holding cost and the results 
presented in Table 2. It compares the percentage cost above the 
reference cost for variations of the above mentioned cost. The 
heuristic used for getting reference cost is presented in 
Appendix 1. This is obtained by relaxing the capacity cons- 
traints and then applying heuristic - I. 

In Table 3^ the cost of the production schedule and the 
CPU time taken by the heuristics are tested for different capa- 
city level. This is mainly done to find how well the heuristic 
can arrive at a feasible solution with the limited capacity. 

Finally the number of facilities, number of time periods 
and the number of products are varied and the CPU time of the 
heuristics are tested. This is presented in Table 4. Table 5 
gives a numerical ex:ample for both the heuristics. 

5 *7 Resu lt s_jand j)j.s cussipn s 

It has been observed from Table 2 that in all the cases 
the cost of the production schedule obtained by heuristic - II 



27 


is higher than tnat for heuristic - I. Further when the setup 
costs are increased the cost ahovo the reference cost also 
increase, whore as when the holding cost is incroased the 
deviation from reference cost decreases considerably. The above 
behaviour can be explained as follows. As the setup cost is 
increased the amount of shift made possible is increased, and 
as the holding cost is increased the economical shifts will be 
reduced. And since wo are comparing the costs with the case 
where capacj.ty is relaxed, this variation is highly noticeable. 
But if we look closely we find that heuristic-II performs badly 
compared to heuristic~I. This is mainly because, in heuristic II 
items are split-up and shifted which may reduce the possibility 
of shifting items in the previous time period. Also while apply- 
ing feasibility procedure in heuristic-II, the costs are not 
considered. 

The results obtained in Table 3 makes evident that even 
for very restricted capacities heuristic - II gives a feasible 
solution. Though in the cases where both the heuristic gave 
solution, the cost penalty is a bit high for heuristic-II, it 
assures a feasible solution in most of the cases. 

Finally the CPU times are compared for variations in K, T 
and F and can be seen in Table 4, Here we find that there is 
not much increase in CPU time for heuristic - I, where as in 
heuristic - II the complexity of the simplex procedure increases 



as K, T and F increases. H^nc^ tho CPU time for heuristic - II 
increase as K, I and F ajpG increased, 

3 . S Co nclus 1 0 n^ 

From the cost, CPU time and feasibility stud3;' done on 
both the heuristics, wo find that it is econoinical both cost-wise 
and comput rtion in terms of CPU time to use hi_uristic ~ I. But 
in case if the capacities are very much restricted that heuristic-I 
does not give a feasible solution v/c can use heuristic - II to get 
a feasible solutioxi. 

In the ne2ct chapter v^e h-.ve developed a model with over- 
time consideration e.nd the performanc, of houristic-I is corn- 
pared with the exact solution. 
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Table 1 

Hag or setup cost, R Rs/setup 115, 25, 35, 45, 55, 

Ilinor setup cost, Sj^ Rs/setup [lO, 15, 20, 25, 30, 

Holding cost, H^i^ Rs/ltem/tirae period i.0.4, 0,6, 0,8, 1.0, 1.2} 
Nmber of facilities, F (2, 3, 4, 5, 6' 

Number of products, K 12, 3, 4, 5, 6} 

Number of time periods, T |6, 8, 10, 12 
Demand matrix, 

38 45 20 65 78 26 40 39 42 0 12 36 

12 50 55 45 50 41 10 2 17 39 23 48 

39 14 49 36 15 10 31 3 53 18 50 30 

42 0 12 36 17 39 23 48 71 8 62 43 

17 39 23 48 53 18 50 30 37 86 11 9 

53 18 50 30 42 0 12 36 91 7 82 63 

Facilit^^ requirement time matrix, t^^^ 


1.3 

1.4 

1.6 

1.3 

1.9 

2.1 

1.0 

0.8 

1.7 

2.4 

1.2 

1.7 

2.0 

2.0 

1.0 

0.9 

0.4 

1.1 

1.4 

0.8 

1.9 

0.3 

2.4 

1.3 

1.7 

1.6 

2.1 

1.7 

1.1 

1.0 

CO 

o 

2,2 

0.6 

1.3 

1.2 

0,6 
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Table 2s Average percentage cost above the reference cost for 
variations in naQor setup cost, minor setup cost and 
holding costs. 


Variations for 
Cost v/hich tested 

15 
25 
35 
45 
55 

10 
15 
20 
25 
30 

0,4 
0,6 
0.8 
1.0 
1,2 


Average percent cost above 
reference cost^___ 

Heuristic I Heuristic II 


2.79 

11.17 

4,35 

15.89 

5.76 

22.00 

7.S7 

29.17 

10.80 

36.43 

3.29 

12.80 

5.19 

1S.3S 

3.83 

24.44 

10.28 

27.98 

13.54 

32.51 

26.05 

57.92 

9.50 

30.23 

3.07 

lA . 68 

1,22 

8.52 

0.69 

4.87 


Major setup 
cost (A) 


Minor setup 
cost (S^) 


Holding cost 
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Table 3" 


Capacity of 
production 
facility 
P^, hours 

200 

250 

300 

350 


Average cost of the production schedule and 
the CPU time taken by the two heuristics for 
different facility capacit3^ level. 


Heuristic I Heuristic II 


CPU time 
milli sec. 

Average 

cost,Rs. 

CPU time 
milli sec. 

Average 
cost , Rs . 


- 

78.8 

833.46 


- 

93.3 

806.79 

69.08 

736.82 

98.08 

781.76 

60.04 

724.89 

88.24 

775.64 







875S7 


Sli.1 JsS f 
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Table 4: CPU time in milli secs, taken by both the heuristic 
for variation in the number of facilitj?’ (F;, number 
of product (K) and the number of time period (T). 


Variation 


CPU Time, 

milli seconds 

*_■».*« -m. at 1. * M 

: w _fc V ^ 

Heuristic I 

Heuristic II 


2 

44.12 

64.30 


3 

69.08 

98.08 

Number of 


4 

62.88 

107.2 

facility (F) 


5 

65. 3o 

142.52 


6 

60.12 

215.04 


2 

73.48 

91.49 

Number of 

3 

44.12 

64.08 

products (K) 

4 

56.76 

81.24 


5 

69.08 

104.4 


6 

84.04 

115.88 


6 

45.08 

75.84 

Number of 

8 

69.08 

98.08 

time periods 

10 

49.44 

95.52 

(T) 

12 

52.32 

106.76 
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Table 5" Numerical Example. 

INPUT DATA; 

F = 3, T = 10, K = 3, A = 45 
= [15, 12, 15] 

Pf = [300, 300, 300] 

= [0.4, 0.6, 0.5] 

38 45 20 65 78 26 40 39 42 0 

12 50 55 45 50 4l 10 2 17 39 

39 14 49 36 15 10 31 3 53 18 

1,3 1.4 1.6 

t^k 0.8 1.7 

2.0 2.0 1.0 

PvESULTS; 

Heuristic - I 

38 65 0 65 78 66 0 81 0 0 

X^k 12 50 55 45 50 51 0 19 0 39 

53 0 49 51 0 41 0 56 0 18 

Cost of production schedule = 749.5 rupees, 

CPU time taken = 50 milli seconds. 

Heuristic - II 

38 65 0 65 78 26 40 39 42 0 

X^k 12 50 55 45 50 51 0 19 0 39 

53 0 49 51 0 10 3^1 0 71 0 

Cost of production schedule = 805.2 rupees. 

CPU time taken - 102 milli seconds. 



CHAPTER IV 


LOT SIZING I'/ITH OVERTIf® CONSIDERATION 


In this chapter, we are going to develop the model where 
the regular time capacity is restricted. Capacit^/^ requirements 
be^i^ond this level are met by overtime work. Further the production 
cost and the under utilization of facility costs are also consi- 
dered, 

4,1 Problem Definition and TerminoloOT« 

Our objective is to minimize the cost of the requirements 
schedule considering setup cost, holding cost, production cost, 
overtime cost and under utilization cosb. 

Setup costs and holding costs are the same as considered 
in Chapter II. i-^part from that, production cost is the 

cost of producing one unit of item k in time period t. oince a 
part of production cost is variable, we have considered the 
cose ■''/here it varies over each time period. 

Further the mociel considers a variable overtime cost (CO^^), 
v/hich IS the cost of using unit overtime in hours in facility f 
for time period t and a variable 'under utilization cost (CO^^), 
which is the cost inc'urx’ed because of the unuer ucilization of 
a unit of facility f in time period t. Under utilization cost 
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IS incurred because of the investment m equipment, deteriora- 
tion cost of equipment , etc. 

The objective of our problem is to find the requirements 
schedule so that the total cost is minimized. 


The follov/ing notations are used apart from that defined 
in Chapter II. 


^ft 

°ft - 

- 

®tk - 

CUft - 
COft - 


Regular time capaciti'- available in facilitjr f m period t, 
hours. 

Overtime utilization required in facility f in per’iod t, 
hours . 

Under utilization of facilit^A f in period t, hours. 

Cost of production of a unit of item k in period t, Rupees. 
Cost incurred due to the under utilization of per unix of 
facility f in period t, Rupees. 

Cost of vitilizing per unit of overtime in facilitjr f in 
time period t, Rupees. 


Overtime utilization is the amount of f- cility f in hours required 
in period t that cannot be met bjr the regular time capacity avai- 
lable in that time period. Some additional costs are incurred 
due to overtime utilization. 


The assumptions stated in Chapter II holds good here 


also. 
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4,2 Problem Formu3 ation« 


The objective function is minimizing the costs of setup, 

holding, production, overtime and under utilizution. 

Objective function, 

T ^ K K K 

Minimize, E [A6 ( E X )-!- E S 3 (X, ) E H , Y, , 

t=l ic=.l k=l k-1 

" ii \kJ " Uft " “ft °ft’ 


where, 6('-'u) 


fo if iZ) - 0 
1 If u) > 0 


V 


Various constraints are as given below, 

1, Capacity balance equations, 

K 


*fk “ft “ “ft 


“ft °ft = ° 

2, Material balance constraint. 


- 1 - - 0^ = r for f =- 1 ,..., F 

- 1, , T 


for t - 


'^(t-l)k ^tk “ \k " ^ 

k == 

3. Positive production qualtit 3 ^, 

y 0 for t = 1,..«, T 

k - 1,.. ., K. 

4, Constraint to take care of backloggii\ , 


1 T 

J_ j ♦ • * j. -i- 

1 9 # • • 


hk >- ° 


for t = 1, . . . , T 
k = 1 , . . . , K 
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5. Ensure zero inventory at the beginning and end of the 
planning horizon. 




for k - 1 , . . . , 


4.3 Exact^ Solutlpn fiethodolo gy . 


K. 


The exact solution method is used to solve the problem 
mainly for comparing the performance of the heuristic cost-wise 
and computationally (CPU time). 

We are using Manne's formulation [?) . This model consi- 
ders all the dominant production sequence and selects the one 
with the least cost. It assumes that an item lot cannot be 
split. An item having net requirements for example 20, 15 und 
40 in 3 periods has four (2^ '^) dominant sequence. The 3 r are 
(20, 15, 40), (20, 55, 0), (35, 0, 40) and (75, 0, 0). So the 
number of combinations to be checked for a schedule having T 
periods and K products are (2 ) . For a problem hoving 10 

time periods and 2 products, the number of combinations to be 
checked is 262144, 


4.4 Formulation of the Heuristic* 

Two types of shifts are devised here, the first one 
shifts whole items of a time period to some previous time period 
where some items are manufactured. The cost changes due to this 
shift of items from period j to period i are shown balo\;. 
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Increase in cost 


1. Carrying cost of items in 
time period i from period 
i to pei’iod (3-I). 

2. Overtime in period i in 
case the shift results in 
overtime in period 1. 

3. Under utilization cost ixi 
period 3 caused due to the 
shift. 


4, Production cost if the 8. 

items of period 3 are 
manufactured in period 1. 


Decrease in cost 


5. Setup cost gained due to 
the shift. 


6. Overtime in 3 relieved in 
case there is overtime in 
3 prior to the shift. 

7. pLegular time capacitj^ utilised 
in period 1 if some regular 
time capacit3r is available in 
penod 1. 

Production cost in 3 relieved 
due to the shift. 


Cost changes in time period i are shown below, 

Excess capacity available in each facili'C}^ in time period 1 

K 


r 


E 


fi 


J 


0, if R 


fi ^ ° for f - 1 ,..., F 


E 


K 

R„. - E X., .tp, , otherwise, 
fi ik fk=' 


Capacity'" required by items in time period 3, 


fd 


K 

E X , .t., for f = 1, ..., 
k=-l 


F. 


Now find DIFF = E^^ - P^^. 

If the DIFF is positive or zero then we mil gain some 
cost due to the utilization of regular time in 1. 




( 7 ) 
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If the DIFF IS negative then we may gain some cost by 
utilizing regular time in i and incur some cost 133;^ requiring 
overtime capacity. 

( 7 ) = X 


( 2 ) ■-= ABS X 


Production cost added in period 1 due to the shift. 

K 

( 4 ) - E X.,, . CP, 

k.-l 


' ik 


Cost changes in time period j are shown belov/. 


Nov/ the pj^-oduction facility utilized by items in time 
period j is reduced from the regular time capacity available. 


If the regular time capacit}’' is still positive or zero, 
then some cost is increased due to the relieving of regular 
time capacity in period 3 . 


( 3 ) 



If the capacity required is mors tliaii the regular facility 
capacity in period 3 then some cost will increase because regular 
time capacity is relieved in period 3 and some cost will reduce 
because overtime is relieved in 3 . 

( 3 ) = X 

(6) ABS X COjj_ 
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Finally due "to "the shilt; soiiie carr3^ing cosl will be incurred 

amd some set-up cost may be reduced. 

K j-1 

Carr^/ing cost, (l) == z Z X , x H,, 

k=l tr.1 

K 

Setup cost, ' 5 ) = A Z S, cTi 

lt-1 ^ 


where. 


a 


k 


° \,k ■" 0 


1 if X^ ^ and X_ i, > 0 


Total cost change due to thr' shift is given by, 

TGAIN - IIICIIEASE IK COST - DECREASE IF COST. 


(i.e.) TGAIF 


(( 5 ) ( 6 ) ( 7 ) - 1 - ( 8 )) - (( 1 , ( 2 ) ( 3 ) ( 4 )} 


If the gain is positive then, ib will be economical to 
manufacture items of time period 3 in time period 1. 

In the second type of shift, individual item of a time 
period eiro shifted to previous time periods if there is a cost 
improvement in bhe production schedule. The cost changes due 
to the shift of item m from period 3 to 1 are given below. 
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SI. 

Ho. 


Increase in Co si 


SI. 

No. 


Cecjrease in Cost 


1. Carrying cost ol item m 
from period i to period 

(o-i). 


5. Setup CO sc saved. 


Overtime utilized in period 6. 

i in case the shift 
results in overtime in i. 


Regular time utilized in i 
if lb is available in period 

1 . 


3. Regular time relieved in 7. 
g ,due to the shift. 

4. Production cost of item 8. 
m in period i . 


Overtime relieved in j 
1 x 1 case there is over time 
in j prior to the shift. 

Production cosx of item m 
in period j , 


The differexTt costs involved are calculated as follows j 

0-1 

Carrying cost (l) x 

t *“1 


Setup cost 
v/here , 


'"s'' 


m 


Sm- It. 


0 if or Ot or both =- 0. 

i,m o,m 


h.m ° 


Cost changes in pt^riod i are shown belov/, 


Cdlculate. 


ja 


fi 


0 xf \ < 0 

k-1 


K 


S X otherwise 

k=l 




for f - 1, ... 9 F 


f 


Y 'h 


for f 


Ij . . . F 
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SI. 

Ho. 


Increase in Cost 


SI. 

No. 


Decrease in Cost 


1 . Carrying cost ol item m 
from period i to period 

(a-1) . 


5 . Setup cosc saved. 


2 . Overtime utilized in period 6. 

1 in case the shift 
results in overtime in i . 

3 . Regular time relieved in 7 . 
j ,due to the shift. 


4 . Production cost of item 8, 
m in period i . 


Regular time utilized in i 
if it IS available in period 

1 . 

Overtime relieved in j 
in case there is over time 
in j prior to the shift. 

Production cost of item m 
in period 3 . 


The different costs involved are calculated as follo^^ 7 ■s. 



(1) 


3-1 

Carrying cost 

i- 

E 




t-i 

Setup cost 

( 5 ) 

r- 

^m* 

where, 






1 ° 

if It 


J 

^ 1 

I -r 

II 


1 
Jil 

or h or bo th 

ii,m O^m 

and L ^ > 0 
i,m 3,m 

Cost changes in pi^riod 1 are shown belov/, 

Calculate, 

[ ° '^^fi “ ^"ik*’^fk^ ° 


0, 


'fi 


for 1 " 1, . . . s F 


K 


“ 1,^1 \k’*^fk^» otherwise 

, F 


X .t^ 
31a fm 


k=l 

lor 1 = I5 
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Find — P^) p this gives the difference of excess 

faci?Lit3;^ capacity in period i and the capacit3^ repinred for 

f 

the shift , 

Now, 

If (E^^ - P^) >, 0, then cost incurred is 

(6) = X 



;2) ^ (Pf - E^p COj. 


Production cost vdll also be incurred in i, 


-an " "hn- 


Cost changes in period 3 are given belo\/. 


Due to the shift of item ni from time period 3 to i 
some overtime capacitj^ ma3’- be relieved in period 3 , in that 
case cost gain, 

(7) - Pf x 

In some case some overtime and regular time capacities 
are relieved, in that case there v/ill be a reduction in some 
cost and an increase in some other cost, 

(i.e.) increase in cost, ( 3 ) -■ C^^ x 

reduction in cost,(7') ~ (P^ - EO^^ 
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/ 


If because of the shift only regular time capacit}’’ is . 
relieved then increase in cost is, 

(3) = 

Also because of the shift production cost in period 3 
is reduced, by, 


(8) = X CP 

on 3m 


Now, GAIN 


(3) (4)) 


( 0 )) 


If the gain is > 0 it is economical to shift item m 
from time period 3 to period 1 . 

4,5 Steps_in the Heuristic: 

1, Start v/ith the lot-for-lot schedule. 


2. Calculate TGAIN for time period 3 and if TGkII^ > 0 

shift it to period 1 ■'./here some production is done. 
Repeat step (2) for 3 - 2 to T. 

3. Calculate GAIN for individual shift and shift item -with 
maximum gam in the time period ■under consideration. 
Repeat Step (3), till no more gain in time neriod 3 

is positive. 

4. Repeat step (3) for 3 - 2 to T, 


5. 


Calculate cost of the schedule. 
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4.6 Computational Ejmeriment r 

As has been seen the cofliplexib 3 r of the exact solution 
method increases as the number of time periods and the number 
of items increases* Hence keeping K = 2, the number of time 
periods has been varied for T =- 4, 6, 8, 10 and the average 
time taken by the heuristic and exact method, and cost data 
are presented in Table 8* Similarly keeping the number of 
time periods, T = 4 the number of products are varied for 
K = 2, 3, 4, 5 and the results presented in Table 9 

In Table 10 the performance of the heuristic has been 
tested for different cost patterns, (viz., increasing, decreas- 
ing and random). This is done by varying, holding cost, cost 
of overtime, cost of under utilization and the production cost, 

Finall 3 /- the model has been tested for different values of 
holding cost, setup cost, production cost, under utilization 
cost and overtiii'e cost, varying one at a time and the results 
presented in Table 11, In totc.l we have tested 403 problems. 

The different input data used are presented in T^ble 6. One 
example problem has been presented in Toble 7 » 

4.7 Results and_ Discussion^ 

4.7,1 Solution Accuracy 

From Table 8, we find that, the overall performance of 
the heuristic in terms of solution accuracy is comparably good. 
For T “ 6 and T " 10, the costs are off set by some values which 
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deviate ver^^ much from the optimal. From Table 9, v/e find 
that for low values of K, the heuristic performs well, however 
for K = 4 and K - 5, the deviation from optimal cost is signi- 
ficantly high. 

From Table 10, representing the performance for different 
cost patterns we find that the deviation from exact solution is 
not much and the performance of the heuristic is good. The 
average cost above the optimal cost is a bit higher for the case 
of random cost pattern in overtime. This is due to the offset 
of average by one value, which deviates ver^^ much from optimal. 

As can be seen from Table 11, the deviation from exact 
solution is not varying much as the ma^or setup cost and the 
cost of overtime are varied. But ’nhen the holding cost, cost 
of production and the under utilization costs are increased 
the deviation decreases considerably where as when the minor 
setup cost is increased the deviation from exact solution also 
increases. From this we can conclude that whenever the shifts 
are restricted the heuristic performs well. 

4,7.2 CPU Times J 

From Table 8, we find that as the number of time periods 
increase the CPU time for exact solution increases considerably, 
whereas the CPU time for the heuristic increased by only very 
little amount. The same fact can be observed for increase in 
K also. This is due to the fc.ct that the complexity of the 
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exact solution is of the order of (2 i/here as for the 

heuristic it is of the order of KT. 

Finally the reasons, why the heuristic gives suhoptimal 
solutions are investigated and the main reasons are summarised. 

1. In the heuristic first we are trying to shift items of 
a time period as a whole. Because of this shift, the gain 

due to the shift of individual items ma^^ he flatened out (i.e.) 
it may he economical to shift some items rather than shifting 
items of a time period as a whole. 

2, Because in both the shifts we are moving from t = 2 to 
t = T we might hsve shifted some quantity which prevents the 
more economical shift in a later time period. 

4.8 C oncl usi on s 

The heuristic in general performs well both in terms of 
solution accuracy and computational time. It is very easj’’ to 
understand and appl}?" . 

¥e have considered the main costs in a production 
environment. Hence the model has practical relevance also. The 
model can take care of overtime capacity lirutation too . This 
is done by assuming very high overtime cost beyond the allowed 


overtime. 
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Table 6: Input Data Used. 

K = {2, 3, 4,5, 6}, T = {4,6,8,10,12} 
F = {2,3,4,5,6], A= {25,35,45,55: 


Minor setup cost - 1.15,30,12,13,25,9] 

Facility capacity *“ 


180 

120 

256 118 

95 

160 

130 130 

210 

122 

146 

200 

90 

85 

200 150 

145 

150 

102 110 

85 

190 

70 

95 

120 

200 

95 175 

120 

180 

120 180 

70 145 

165 

150 

112 

76 

120 140 

86 

190 

188 160 

79 

100 

120 

115 

80 

120 

89 149 

156 

170 

180 113 

98 

79 

200 

198 

200 

156 178 89 

96 140 

50 78 

120 

115 

111 

135 

Time in facilit^^ 









1.3 

1. 

4 1.6 

1.3 

1.9 

2.1 





1.0 

0. 

8 1.7 

2,4 

1,2 

1.7 





2,0 

2. 

0 1.0 

0.9 

0.4 

1.1 





1.4 

0. 

8 1.9 

0.3 

2,4 

1.3 





1.7 

1. 

6 2.1 

1.7 

1,1 

1.0 





0.8 

2. 

2 0.6 

1.3 

1,2 

0.6 





Requirements matri 

- ” °tk 








38 

45 

20 65 

78 

26 

40 39 

42 

0 

12 

36 

12 

50 

55 45 

50 

4l 

10 2 

17 

39 

23 

98 

39 

14 

49 36 

15 

10 

31 3 

53 

IS 

50 

30 

42 

0 

12 36 

17 

39 

23 48 

71 

8 

62 

43 

17 

39 

23 48 

53 

18 

50 30 

37 

86 

11 

9 

53 

18 

50 30 

42 

0 

12 36 

91 

7 

82 

63 


Holding cost - 

0.76 0.34 0.25 0,36 0.11 0,56 0.54 0.40 0.45 0.90 0.68 0.1 

0.32 0.21 0.35 0.16 0.88 0.22 0.11 0.39 0.14 0.79 0.11 0.1 

0.52 0.31 0.45 0.56 0.27 0.28 0.98 0.36 0.56 0.36 0.15 0.9 

0.11 0.76 0.56 0.34 0.92 0.36 0.56 0.54 0.38 0,28 0.29 0.5 

0.26 0.48 0.22 0.28 0.12 0.49 0.48 0.68 0.29 0.56 0.76 0.73 

0.4l 0.37 0.08 0.31 0.76 0.56 0.22 0.11 0.18 0.79 0.66 0.09 


ro ro Pvi r\! 
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Table 1 contd , . . 


Cost of production - 

1.25 1.89 1.65 2.20 0.60 0.90 1,76 1,84 1.22 1.40 1.20 1,90 

1.89 1.50 1.29 1,49 2.10 1.40 1.70 0.97 0.65 0.40 1.80 1.40 

0.95 1.50 1,34 0.85 0.46 0.98 1.20 1.15 2.00 1,18 1.70 1.60 

0.86 0.98 1.20 2.10 1.87 1.49 1.67 1.73 1.20 1.11 0.98 1.02 

0.25 0.40 1.20 1.35 1.28 0.78 0.64 0.98 1.20 1,17 0.98 2.01 

1.67 1.56 2.01 1.35 1.36 2.04 2.07 1.98 0.46 0,78 0.98 1.21 

Cost of under utilization - CU ^^ 

0.32 0.10 0.22 0.36 0.34 0.07 0.12 0.78 0 . 6l 0.22 0.46 0.37 

0.03 0,20 0.09 0.21 0.54 0.18 0.37 0.22 0,78 0.16 0.09 0.40 

0.71 0.89 0.14 0.26 0.17 0.78 0.32 0.12 0.72 0.65 0.11 0.43 

0.09 0.76 0.52 0.31 0.09 O.IS 0.28 0.72 0.36 0.76 0.12 0.62 

0.20 0.11 0.43 0.72 0.46 0.65 0.31 0,65 0.11 0.38 0.26 0.71 

0.28 0.26 0.16 0.18 0.28 0.47 0.46 0.54 0,25 0,29 0.37 0.22 

Cost of overtime - 60 ^^ 

1.24 1.36 2.78 3.08 1.76 1.94 2,20 3.80 0.78 2.45 0.98 1.12 

2.76 1.25 2.00 1.00 0.75 1.53 2.68 2.98 1.89 1.39 0.68 0.43 

0.97 2.34 2.94 1,46 1.39 0.50 1.29 2.63 1.11 2,22 2.89 1.44 

0.63 1.36 2.30 1.63 2.12 0.12 1.39 2.63 1.38 2.69 0.69 1.43 

1.38 2.54 0.54 1.13 1.27 3.00 2.89 2.79 1.62 0.78 0.53 0.62 

2.40 1,44 2.14 2.01 1.00 0.79 0.65 1.25 2.00 2.25 1.74 3.00 

Increasing holding cost - 

0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 

0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.29 

0.10 0.13 0.16 0.19 0.22 0.25 0.23 0.31 0.34 0.37 0.^0 

0.12 0.16 0.20 0.24 0.20 0.32 0.36 0.40 0.44 0.48 0.52 

0.01 0.06 0.11 0,16 0.21 0.26 0.31 0.36 0 . 4l 0.46 0.51 

0,02 0.07 0.12 0.17 0.22 0.27 0.32 0.37 0.42 0.47 0.52 

Increasing cost of production - 

1.02 1.25 1.36 1 . A5 1.56 1.78 1.92 2.05 2.42 2,78 3.02 3.25 

0.78 0.98 1.21 1.36 1.49 1.65 1.68 1.78 1.82 1.89 1.95 2.03 

1.25 1.31 1.42 1.65 1.78 1.82 1.83 1.95 2.07 2.12 2.20 2.28 

1.31 1.42 1.48 1.52 1.59 1.68 1.76 1.82 1.89 1.97 2.27 2.68 

1.06 1.12 1.18 1.22 1.26 1.32 1.36 1.42 1.46 1,52 1.58 1.66 

0.76 0.87 0.92 1.08 I . l6 1.21 1.39 1.48 1.59 1.69 1.72 1.93 
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Table 1 contd. . , 


Increasing 

cost 

of 1 

under 

utilization - 








0.11 

0 

.15 0 

.19 

0.22 

0.26 

0. 

32 

0.34 

0.39 

0.42 

0. 

A6 

0. 

52 

0. 

56 

0.07 

0 

.07 0 

.12 

0.14 

0.19 

0. 

22 

0.29 

0.32 

0.33 

0. 

38 

0. 

44 

0. 

47 

0.21 

0 

,24 0 

.26 

0.32 

0.39 

0. 

4l 

0.46 

0.52 

0.58 

0. 

59 

0. 

66 

0. 

72 

0.19 

0 

.22 0 

.26 

0.29 

0.36 

0. 

39 

0.47 

0,56 

0.68 

0. 

77 

0. 

79 

0. 

87 

0.22 

0 

.23 0 

.34 

0.42 

0.46 

0. 

48 

0.57 

0.58 

0.60 

0. 

65 

0. 

71 

0. 

76 

0.16 

0 

.19 0 

.22 

0.26 

0.29 

0. 

34 

0.38 

0.43 

0.49 

0. 

54 

0. 

56 

0. 

59 

Increasing ^ 

cost 1 

of overtime *- 

cc 











1.26 

1 

.35 1 

.46 

1.5A 

1.59 

1. 

62 

1.76 

1,79 

1.05 

1. 

89 

1. 

92 

2. 

01 

0.98 

1 

.02 1 

.08 

1,12 

1.16 

1. 

22 

1.28 

1.32 

1.36 

1. 

39 

1. 

42 

1. 

46 

2.10 

2 

.12 2 

.20 

2.28 

2.32 

2. 

36 

2.44 

2.52 

2.56 

2. 

60 

2. 

66 

2. 

68 

1.12 

1 

.20 1 

.26 

1.32 

1.37 

1. 

43 

1.49 

1.55 

1.59 

1. 

64 

1. 

67 

1. 

77 

0.52 

0 

.67 0 

.75 

0.83 

0.89 

0. 

97 

1.07 

1.13 

1.21 

1. 

27 

1. 

31 

1. 

33 

0.03 

0 

.17 0 

.26 

0.35 

0.46 

0. 

59 

0.66 

0.77 

0.83 

0. 

92 

1. 

07 

1. 

12 

Increasing ; 

requirements matrix - 

■ D+1 

tk 









25 

30 

35 

40 

45 

50 : 

55 

6C 

1 65 

70 

75 1 

80 






10 

17 

24 

31 

38 

45 

52 

59 

1 66 

73 

80 i 

87 






2 

10 

18 

26 

34 

A2 : 

50 

56 

! 66 

74 

82 ' 

90 






7 

11 

15 

19 

23 

27 

31 

35 

' 39 

43 

47 . 

51 






15 

20 

25 

30 

35 

40 - 

45 

5C 

) 55 

60 

65 ^ 

70 






20 

25 

30 

35 

40 

45 

50 

55 

I 60 

65 

70 ' 

75 
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Table 7 - Numerical Example, 

INPUT DATA; 

K = 2, T r.- 8, F 3, A = 45 

58 45 20 65 78 26 40 39 

^tk 12 50 55 45 50 ^1 10 2 

For all other variables, random values from Table 1 are used. 

OUTPUT ; 

Exact Solution" 

83 0 85 0 78 66 0 39 

^ik 

12 105 0 95 0 53 0 0 

Cost of production schedule - 2237.9^8 rupees 

CPU time taken = 35858 milli seconds. 

Heuristic Solution; 


38 

65 

0 

65 

78 

66 

0 

39 

62 

0 

150 

0 

0 

53 

0 

0 


Cosb of production schedule - 2322.458 rupees 

CPU time taken ^ 33 milli seconds. 
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Table S: Average CPU time and Percentage Cost above 
Optimal for Variation in T. 


No . of time 
periods 

Average CPU 
time by heu- 
ristic method, 
milli secs. 

Average CPU Mean 9© 
time by exact cost 
, solution, above 

milli secs. optimal! 

Majc % 
cost^ 
above 
optimal 

T = 4 

14 

70 

14.96 

39.07 

T 6 

19 

1698 

22.70 

56.65 

T = 8 

23 

35857 

9.93 

28.53 

T = 10 

42 

712503 

19.03 

35.73 

Table S 

u Average CPU 
Optimal for 

time and Percentage Cost 

Variation in K. 

; above 

Mo. of 
products 

Average CPU 
tuae b 3 '' heu- 
ristic method, 
milli secs. 

Average CPU 
time b^r exact 
solubion, 
milli secs. 

Mean % 
cost 
above 
op fcirnal 

ita % 

cost 

above 

optimal 

K = 2 

14 

70 

4.96 

39.07 

K = 3 

15 

783 

3.77 

20.68 

K = 4 

31 

7966 

15.99 

53.84 

R 5 

45 

76915 

14.72 

66.72 
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Table 10; Average CPU time and percentage cost above optimal 
for different cost patterns. 


Cost 

Pattern 

Avg. CPU 
time by 

Avg. CPU 
time by 

Mean 

percent 

Max. 

percent 



heuristic 

exact 

cost 

cost 



methods , 

solution, 

above 

above 



milli secs. 

milli secs. 

optimal 

optimal 

Holding 

increase 

25 

74740 

3.59 

4,36 

cost 

decrease 

22 

74686 

2.81 

3.26 


random 

22 

74625 

2,65 

3.47 

Cost of 

increase 

20 

74652 

2.35 

3.08 

production 

decrease 

21 

74640 

1.27 

1.69 

random 

23 

74634 

3.42 

0.62 

Cost of 

increase 

22 

74647 

1.60 

2.14 

under 

decrease 

23 

74655 

2.20 

2.53 

utilization 

(cu^) 

random 

26 

74638 

2.71 

9.21 

Cost of 
overtime 

increase 

23 

74648 

2.58 

3.75 

decrease 

26 

74730 

2.00 

2.92 

(“ft) 

random 

25 

7474A 

5.69 

28.89 
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Table 11" Percentage deviation from exact solution for 
different values of the costs considered. 


Cost 


Ilajor setup cost (A) 


Minor setup cost (S^) 


tiol ding cost ( ) 


Cost of production 


(CP, 


tk' 


Cost of under 


utilization 



Cost of overtime (CO^) 


Values for v/bicli 
tested 

25 

35 

45 

55 

15 

20 

25 

30 

0.25 

0.50 

0.75 

1.00 

0.5 

1.0 

1.5 

2.0 

0.25 

0.50 

0.75 

1.00 

0.75 

1.50 

2.25 

3.00 


Percent deviation 
from exact solution 

2.30 

2.32 

2.27 

2.22 

1.61 

2.09 
2.50 
3.04 

3.07 

2.11 

1.10 
0.20 

2.57 

2.21 

1.94 

1.73 

2.01 

1.79 

1.59 

1.39 

2.76 

2.77 

2.78 
2.36 
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APPENDIX I 


In the heuristic proposed below no capacity constraints 
are considered. The obg active is reducing the sum of setup 
costs and carrying costs. 


Two t^rpes of shifts are devised. First one is shifting 
items of a time period as a whole, if there is gain. The 
second one is shifting individual items to some previous time 
period, if there is gain. Cost change due to the first shift 
is given below, 


v;here , 


K 


SETC 

0 

(A -h 

z 

k=l 


;0 

If 


or D^^ or both = 0 

/ 

» rr \ 

'k 1 




a 

If 


and D. >0 

ko 


SETC “ Setup cost gained due to the shift of items 
J 

from period 3 to i. 


HOLD 

0 

HOLD 

J 


K 3-1 

E E D , .H., 
k^-lt-.i 


Cost of holding items of period 3 in 
inventor^^ from period 1 to 3-I. 


Now, GAIN = SETC - HOLD 
’ J 0 J 

If GAIN > 0 , then items of period 3 are shifted to 
0 


period 1. 




1. Initially the coverage of the demands for all items 
are made by using the lot-for-lot ajiproach. 

2. Start with time period t = 2, 

3. Calculate GAIN^. If GAIN^ > 0, Go to Step (4), 
otherwise t = t+1, Go to Step (3)* 

4. Add to the previous time period where some positive 
production is done, make X^^ = 0, for k = 1,..., K. 

5. Repeat steps (3) and (4) till all time periods are 
covered. 

6. Start with time period t = 2. 

7. Calculate GAIN^^^ and shift if it is positive. Repeat 
this upto t = T, 

8. Calculate the cost of the production schedule. 
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